Abstract-With the advent of dynamic website usually all business processes of a business organization are linked with the website of the organization. This is resulted in designing of a complex and gigantic website which may result in slow download and unfriendly navigation. Satisfying the end user need is one of the key principles of designing an effective website. As there are different users for given website, hence there are different criteria on which user wants to get satisfied, hence evaluating a website is a multi-criteria decision making problem. In order to incorporate uncertainties and vagueness in decision making Fuzzy Analytic Hierarchy (FAHP) approach is extended with Fuzzy TOPSIS approach, where different decision makers (DM's) opinion was considered for ranking the website.
I. INTRODUCTION
Websites has become an integral part of any organization. Apart from being used as a virtual image and promotional platform of the organization for displaying all features and facility of the organization, now its functionality is enhanced for facilitating all business process. Today almost all business application processes are linked with web portal. Usability, Security and Reliability are important factors for evaluating the success of any website. Usually usability of website is measured after website is launched depending on user satisfaction and his navigation, download time; accessibility etc. In order to increase the effectiveness of the website there is a need to integrate usability prediction and estimation at each stage of the website design.
The websites are designed keeping a view of end users and their needs. As different users have different choices and different cognitive approach to access the website, hence achieving high user satisfaction i.e. high usability is a prime challenge for website designers. The ease with which the user can fetch the desired information determines the success and failure of that website. The usability of a website is directly related with the success of the organization as it helps the visitors to search particular information and then make a subsequent decision for using that product. The overall popularity of any organization is directly proportional to the number of visitors and their usage of the organizational website. How website helps the user to achieve their objectives and how well website responds to user requirements decides the effectiveness of website.
A large amount of research has been done to evaluate performance and effectiveness of the website using formal algorithms that also integrate the customer prospective. Bevan [1] had proposed standard and guidelines for web usability. Evaluating usability of the website and including its inputs in web development process will increase overall success of website. Usability depends upon various factors as discussed by [2] [3]; it is a Multi Criteria Decision Making (MCDM) problem. MCDM deals with the problems where we need to choose an option from a set of alternatives which are characterized by different criteria. Identifying the criteria that are most critical for a given domain is an important aspect for decision making. The decision maker rank for these criteria by proposing the weights /importance. As these weights can't have a crisp value so they may be rated on Saaty's Scale [4] where these weights are expressed as linguistic variables. There are various MCDM approaches available in the literature. Most popular among them are CP(Compromise Programming) [5] ,ELECTRE I,ELECTRE II,ELECTRE III(Elimination Et choix Traduisant la Realite) [6, 7, 8] Analytic Hierarchy Process (AHP) [9] , Technique for Order Preference by Simulation of Ideal Solution(TOPSIS) [10] , Preference Ranking Organization Method for Enrichment Evaluations (PROMTHEE) [11] Analytic Network Process (ANP) [12] etc. These techniques are used for choosing the best alternative where there are a group of decision makers. In order to handle uncertainty, subjectivity and vagueness of response, the fuzzy set theory [13] was incorporated in various MCDM approaches and these methods were modified to Fuzzy AHP [14] , Fuzzy TOPSIS [15] etc.
As each website has different features and different user also has different requirements, the criteria's that should be considered for evaluating the websites are different. Researchers have tried to identify the parameters which are most important for given website depending on the user feedback collected from wide range of user who will possibly visits website frequently [16] . In this paper websites of different Universities are considered as a case study where the decision makers considered are expert web designers. Like other industries the websites are becoming the key entry point for the aspiring students and their parents for selecting an educational organization. As the online technologies has become a key source for information retrieval there is need to have a reliable informative and effective website which can cater the need of wide range of viewers. Further these websites provides many features like online attendance, marks verification etc. which are the integral component of education process. Blending the user's satisfaction and the need of education processes (admission regular monitoring, examination etc.) made the website designing a complex process.
Measuring the effectiveness of website by merely counting the hits on the pages or only one criterion like ease of navigation etc. is not accurate. Choosing the website depending on the given criteria (user perspective) among the given alternatives is essentially a decision process. For the universities websites the criteria on which the usability depends are Response Time (RT), Ease of Use (EOU), Ease of Navigation (EON) and Informative (INF). To deal with uncertainty fuzzy set theory along with Multi Criteria Decision Making (MCDM) has been extensively used. Hence there is a need to use an effective usability measurement technique which can suffix MCDM approach for these websites.
II. FUZZY THEORY
Fuzzy sets introduced by [13] extended the classical definition of sets, deals with the vagueness of human thoughts. In classical set an element either belongs completely or completely excluded from the set. In fuzzy set the elements does not have well defined crisp values, the element can partially belong to the set.
A. Membership Function
Fuzzy sets are characterized by membership function that assigns each element a value between 0 and 1 which can be represented as:
-For a fuzzy set A, X is the universe of discourse whose each element are assigned the value between 0 and 1‖. [12] 
B. Triangular Fuzzy numbers
Membership functions allow fuzzy sets to be represented graphically .The widely adopted triangular fuzzy number (TFN) approach is used to represent the uncertainty or vagueness of linguistic terms as shown in Fig. [1] .
Fig. 1 Fuzzy Number with triangular membership functions
A TFN can be defined by a lower limit l, an upper limit u, and a value m, where l<m<u as given below using the membership function [17] :
C. Linguistic Variable
According to Zadeh [18] linguistic variable are variables whose values are represented in words or sentences in a natural or artificial language. Linguistic variable are used in such situation that are complicated and hard to define. The linguistic approach is found useful in humanistic systems like Artificial Intelligence, Opinion Mining Information Retrieval and the related areas. As an example, height can be given exact value; but if we need to compare the group of people on scale of height we describe it as short, very short, tall etc. Hence demarking this group on exact height sets is not correct like 150 cm is short and 151 cm is tall. In such a case where comparison has some vagueness linguistic fuzzy variables are better choice than exact value. In fuzzy set theory, for transforming the linguistic terms into fuzzy numbers the conversion scale of 1 to 9 is used for rating the criteria and alternatives. The relationship between fuzzy number and corresponding linguistic variable identifying the important weights for each criteria and membership function is given below in Table 1 
In this paper we have ranked the university websites using the steps taken in Fig.2 The case study includes the four university websites having same strength of students and functionalities. Hence they are evaluated on the same criteria's. MCDM approach is used in which the weights of each criteria is measured using FAHP and ranking is done through Fuzzy TOPSIS. In FAHP the pair wise comparison of criteria and alternatives are made and hence it is used to evaluate the weight of the criteria. Using these weights the websites are ranked by Fuzzy-TOPSIS where the best alternative is identified by considering the one having nearest positive ideal solution and farthest negative ideal solution. Each step is discussed in detail in the trailing section. 
A. Criteria that determines the Usability of Website
Based on detailed literature survey [2] and the user feedback the four parameters RT, EOU, EON and INF are identified as most crucial for determining the usability of websites of institutes of higher education. The various parameters which affect these criteria's were identified and a checklist was prepared as given in Table 2 on which experts evaluated the university websites.
B. Selection Criteria Hierarchy
Based on the identified criteria four university websites were ranked. The hierarchical structure of the problem is shown in Fig. 3 
C. FAHP Approach to Determine The Criteria Weight
i. Obtain the Normal paired comparability matrices (NPC) using AHP method and convert it into Fuzzy NPC using Table 1 as shown in Table 3 . Table 3 Fuzzy NPC matrix
ii. Applying the fuzzy extent analysis [22] to convert the fuzzy NPC into its corresponding criteria weights
Where -Value of fuzzy synthetic extent w.r.t i th criteria.
As per 
In the similar pattern the weights for other criteria (C2, C3, and C4) is calculated and shown in Table 4 . 
D. Ranking of Websites Using Fuzzy TOPSIS Approach
TOPSIS approach proposed [10] based on the principle that among the alternative the chosen alternative should have the shortest distance from the ideal solution and farthest distance from the negative ideal solution which was later on extended in fuzzy environment.
(i). Using the Chen's methodology [15] the evaluation of three decision makers (DM's), a decision matrix with three alternatives with m alternatives (W 1 …W m ) based on four criteria's (C 1 ..C n ) was assessed by Eq. (8).The elements x ij of the matrix indicates the performance rating of the i th alternative website corresponding to the n th criteria w.r.t to the n th DM.
Alternatives are evaluated w.r.t criteria by taking the preferences from DM's using the linguistic terms Table 5 . Table 5 Linguistic Terms for rating of website [22] Linguistic Term TFN's Excellent(Ex) 7.5,10,10
High(H) 5,7.5,10
Very Low(VL) 0,0,2.5
The DM's are website designer experts D1, D2, D3 and corresponding TFN's are presented in Table 6 . Table 6 Linguistic ratings of the alternative websites by different decision makers
The linguistic variables shown in Table 6 are converted into TFN's. Table 7 represents the fuzzy numbers of the average of the judgments taken by decision makers using Table 5. (ii). Normalize the fuzzy decision matrix using [15] as:
The calculated normalized fuzzy decision matrix is shown in Table 8 (iii). After calculating the normalized fuzzy matrix the weights calculated using FAHP approach as in Table 4 , the weighted normalized fuzzy decision matrix represented by is calculated as:
Where Represents the importance weight of criteria
Weighted normalized matrix is shown in Table 9 (iv). For each criteria from weighted normalized matrix positive ideal (A+) and negative ideal values (A-) are determined. As EOU, EON, INF contributes positively and RT negatively to the usability, so the solutions are considered as:
Where
In the present study the calculated values of and are: = (0,0,0), (1,1,1),(1,1,1) (1,1,1) (1,1,1),(0,0,0),(0,0,0), (0,0,0) (v). Compute the distance from positive and negative ideal values for each alternative. 
Using equation (13) the distance for alternative 1 w.r.t. criteria 1is calculated as
In the similar manner the distance between ( ) is calculated.
And using Equation (12) ∑ ( ) ∑ ( ) =1.697 
=0.398
(vii). The alternatives are ranked based on closeness coefficient as given in Table 10 .
IV. CONCLUSION
The current study is done to enhance the web usability as per the viewer's opinion. This will encourage the people to visit the website and fetch the information and increase the popularity of the organization. The website W2 is ranked best among the given alternatives as it provides the maximum information if we compare with other alternatives. In this paper Fuzzy TOPSIS method is used to rank a website as different users have different opinion for evaluating the websites. The factors that affect the usability of website are identified as Response Time, Ease of Use, Ease of Navigation, Informative and they were rated using linguistic term to incorporate the fuzziness of the decision maker's opinion. Three website developers were considered as decision makers. However the work can be extended by incorporating the opinion of different types of viewers of the websites like students, aspiring students, and parents along with expert designers as decision makers. Their contribution to decision can be calculated by giving suitable weightage to them. This will provides website manager a better understanding for people perception of those websites.
The Optimal combinations of parameters were chosen like maximum information & least response time. However increase in amount of information may overload the website which may lead to decrease in response time. There should be a balance establish between information provided (informative) and Response time (RT). This work can be further extended by performing sensitivity analysis of the parameters. 
